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METHOD FOR EVALUATING SKIN HEALTH 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for evaluating 
skin health and an apparatus used therefor. 

2. Description of the Related Art 
A living body alWays exchanges a substance and energy 

With an environment under Which the living body exists and 
it has various functions of adjusting the transport amount or 
exchange amount of the substance or energy in accordance 
With an environmental change. Above all, a function of 
restraining transpiration of Water from the skin surface, 
thereby protecting the living body from drying is called a 
barrier function and it is medically important. As an index of 
the barrier function, a Water transpiration amount from the 
skin or a transepidermal Water loss (TEWL) has been used 
Widely. In the conventional method, investigation on. a 
response of the physical properties of the skin to the envi 
ronment must be carried out While changing the environ 
ment in a laboratory. It is utterly unfeasible, because a 
large-scaled apparatus and much labor and time are required. 

SUMMARY OF THE INVENTION 

The present inventors paid attention to the fact that 
conventionally, investigation of the TEWL of the skin 
included only that of the stratum corneum epidermidis but 
living cells therebeloW Were not taken into consideration. 
According to the conventional Way of thinking, an increase 
in TEWL oWed to deterioration in the barrier function of the 
stratum corneum epidermidis. An increase in TEWL, 
hoWever, is sometimes caused by abnormalities in the living 
cells beloW the normal stratum corneum epidermidis, and in 
such a case, correct diagnosis cannot be conducted. 

The present inventors therefore classi?ed the structure of 
the skin into the stratum corneum epidermidis and living 
cells therebeloW and considered that TEWL might be in?u 
enced not only by the Water permeability through the 
stratum corneum epidermidis but also by a difference 
(driving force) in the activity of Water (or Water vapor partial 
pressure) betWeen the structure formed of living cells 
present beloW the stratum corneum epidermidis and the 
outside World. It is presumed that the activity of Water in the 
living cells beloW the stratum corneum epidermidis re?ects 
the concentration or composition of Water and also bio 
reaction so that it varies depending on the properties or 
disease of the skin, metabolism or even age. As described 
above, the present inventors have found that it is important, 
for appropriate skin care based on not only the Working 
degree of a barrier function but also the properties or disease 
of the skin, metabolism or bio-reaction, to evaluate Water 
permeability (overall mass transfer coefficient) through the 
stratum corneum epidermidis and Water supplying capability 
(activity or Water vapor partial pressure) in the living cells 
beloW the stratum corneum epidermidis separately from the 
Water transpiration amount measured by using a speci?ed 
apparatus. The present inventors have also found that the use 
of these evaluations in combination as an objective index of 
skin health makes it possible to conduct skin care in accor 
dance With the skin health of each subject. 

In one aspect of the present invention, there is thus 
provided a method for evaluating Water permeability 
through the stratum corneum epidermidis based on a Water 
transpiration amount, Which comprises feeding, through a 
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2 
gas inlet, a carrier gas having certain properties to a skin 
surface to be measured; measuring, by a humidity sensor, the 
humidity of the carrier gas Which has been discharged from 
a gas exhaust, passing over the skin surface to be measured; 
and calculating the Water transpiration amount from the 
response of the sensor and calculating, by a predetermined 
analyZing method, an overall mass transfer coefficient of 
Water in the stratum corneum epidermidis; and an apparatus 
used for the above-described method. 

In another aspect of the present invention, there is also 
provided a method for evaluating, based on a Water tran 
spiration amount, Water supplying capability of a structure 
Which lies beloW the stratum corneum epidermidis and is 
formed of living cells, Which comprises feeding, through a 
gas inlet, a carrier gas having certain properties to a skin 
surface to be measured; measuring, by a humidity sensor, the 
humidity of the carrier gas Which has been discharged from 
a gas exhaust, passing over the skin surface to be measured; 
and calculating the Water transpiration amount from the 
response of the sensor and calculating, by a predetermined 
analyZing method, a Water vapor partial pressure of the 
structure Which lies beloW the stratum corneum epidermidis 
and is formed of living cells; and an apparatus used for the 
above-described method. 

In a further aspect of the present invention, there is also 
provided a method for evaluating skin health based on a 
Water transpiration amount, Which comprises feeding, 
through a gas inlet, a carrier gas having certain properties to 
a skin surface to be measured; measuring, by a humidity 
sensor, the humidity of the carrier gas Which has been 
discharged from a gas exhaust, passing over the skin surface 
to be measured; and calculating the Water transpiration 
amount based on the response of the sensor and calculating 
both an overall mass transfer coefficient of Water in the 
stratum corneum epidermidis and a Water vapor partial 
pressure of a structure Which lies beloW the stratum corneum 
epidermidis and is formed of living cells by employing a 
predetermined analyZing method. 

The terms “Water permeability through the stratum cor 
neum epidermidis”, “overall mass transfer coefficient of the 
stratum corneum epidermidis”, “Water vapor partial pressure 
of a (the) structure Which lies beloW the stratum corneum 
epidermidis and is formed of living cells” and “Water 
supplying capability of a (the) structure Which lies beloW the 
stratum corneum epidermidis and is formed of living cells” 
may be replaced With the simple terms “Water permeability”, 
“overall mass transfer coefficient”, “Water vapor partial 
pressure”, and “Water supplying capability”, respectively. 

According to the present invention, it is possible to 
evaluate Water permeability and Water supplying capability 
separately by analyZing the measured value of a Water 
transpiration amount in different manners, and employ them 
as an index for a barrier function, skin conditions or disease, 
metabolism or bio-reaction. In addition, it is possible to use 
them in combination as an objective index of the skin health. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW illustrating a skin-health 
evaluating apparatus according to the present invention; 

FIG. 2 illustrates the model of a mass and heat exchange 
betWeen the atmosphere and the skin; 

FIG. 3 is a cross-sectional vieW illustrating a measuring 
cell: 

FIG. 4 is a schematic vieW illustrating the measuring part 
of a Water transpiration amount (the upper portion illustrates 
the cross-section of the cylindrical body, While the loWer 
portion illustrates the circular cylindrical coordinates); 
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FIG. 5 illustrates Water permeability and Water supplying 
capability as measured at varied ?oW rates and Water vapor 
partial pressures of a carrier gas: 

FIG. 6 illustrates Water permeability and Water supplying 
capability as measured only at varied Water vapor partial 
pressures of a carrier gas; 

FIG. 7 illustrates variations in a Water transpiration 
amount from each of the healthy skin and atopic skin due to 
a change in Water vapor partial pressure of a carrier gas; and 

FIG. 8 illustrates variations of Water permeability and 
Water supplying capability With the passage of time. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The apparatus for evaluating Water permeability and/or 
Water supplying capability according to the present inven 
tion is equipped With (1) means for feeding, from a gas inlet, 
a carrier gas having certain properties to a skin surface to be 
measured, (2) means for measuring the humidity of the 
carrier gas, Which has passed over the skin surface to be 
measured and has then been discharged from a gas exhaust, 
by a humidity sensor, and (3) means for calculating a Water 
transpiration amount based on the response of the sensor, 
thereby calculating an overall mass transfer coef?cient and/ 
or Water vapor partial pressure by a predetermined analyZing 
method. 

The apparatus of the present invention is schematically 
illustrated in FIG. 1. 

Described speci?cally, the apparatus is, for example, 
formed of a cylindrical body having inside thereof a humid 
ity sensor, an opening at each of the top and bottom portion, 
a gas inlet on the side Wall portion for feeding a gas having 
a ?xed Water content to a surface to be measured, and a 
freely openable or closable shutter portion at the bottom 
opening portion. 
No particular limitation is imposed on the shape of the 

cylindrical body insofar as it has an opening portion at the 
top and bottom thereof. It may have a circular cylindrical 
shape, prismatic shape or the like. Concerning its siZe, a 
cylindrical body having a bottom opening area of about 0.2 
to 10 cm2 and a height of about 2 to 20 cm is preferred. 

The gas inlet embedded in the side Wall portion of the 
cylindrical body may be used insofar as it is capable of 
feeding a certain carrier gas to a skin surface to be measured. 
For example, the gas inlet may be formed by ?xing a desired 
number of pipes each having a noZZle hole Which opens 
doWnWard and positioned slightly above the end of the 
bottom opening portion of the cylindrical body. For the 
carrier gas having certain properties, a gas having a prede 
termined temperature and humidity, for example, dry nitro 
gen and dry air, may be used. 

It does not matter Whether the shutter portion has any 
structure, for example, Whether it has the opening/closing 
shutter mechanism of a camera or not, insofar as the bottom 
opening portion of the cylindrical body can be opened or 
closed as needed. A shutter having, at the loWer part of the 
cylindrical body, a rotary slide plate disposed pivotally for 
opening or closing the bottom opening portion, or is made 
of a valve for opening or closing the bottom opening portion 
by the vertical movement is simple in structure and has 
excellent operability. 

The temperature sensor is preferably disposed above the 
gas ejection port inside of the cylindrical body, Which makes 
it possible to obtain a more stable and reliable measuring 
data. Any kind of a humidity sensor can be used, but use of 
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4 
a quartZ oscillator humidity sensor is advantageous from the 
vieWpoint of measuring accuracy. 

Calculation of a Water transpiration amount based on the 
response to the humidity sensor and then, calculation of an 
overall mass transfer coef?cient and/or Water vapor partial 
pressure through a predetermined analyZing method are 
conducted making use of an analyZer such as personal 
computer. 
The Water transpiration amount (J) is calculated as 

described beloW. 
A Water transpiration amount J (g/m2~sec) from the skin 

can be expressed by the folloWing equation: 

Wherein, a change in relative humidity due to Water tran 
spiration from the skin Which has been found from the 
response to a humidity sensor is AH (%), a Water content of 
the air having 100% RH at a given temperature is p (g/cm3), 
a How rate of a carrier gas is V (m3/sec) and an area 
measured is A 
The overall mass transfer coef?cient is calculated, in 

accordance With Fick’s diffusion relation represented by the 
beloW-described Equation 1, from at least one parameter 
determined using at least one measuring result of a Water 
transpiration amount obtained by measurement With vari 
able micro-climates of the cell While changing the How rate, 
Water vapor partial pressure or temperature of a carrier gas. 
The greater the overall mass transfer coefficient, the higher 
Water permeability through the stratum corneum epidermi 
dis. The smaller the overall mass transfer coef?cient, the 
loWer Water permeability through the stratum corneum epi 
dermidis. 

KmD Equation 1 
J = 7% — Cr) 

Wherein, Km is a partition coef?cient, D represents a diffu 
sion coefficient (m2/sec), 6 represents the thickness of 
the stratum corneum epidermidis, and Cd and C, represent 
the Water concentrations (kg/m3) of the Water donor side and 
Water receiver side, respectively. 
More speci?cally, the overall mass transfer coef?cient can 

be calculated using either one of the beloW-described ana 
lytical method (1) or 

(1 An overall mass transfer coefficient kp‘ (g/m2~sec or 
g/m ~sec~Pa) is determined by calculating the parameter K 
using the value of at least one Water transpiration amount 
measured by changing the How rate, Water vapor partial 
pressure or temperature of a carrier gas and the value 
calculated in accordance With the beloW-described Equa 
tions 8 and 9, folloWed by calculation in accordance With the 
beloW-described Equation 2 using the resulting parameter K. 

MHZO Equation 2 

gas 

Wherein, p represents the gas density (g/m3), and M repre 
sents a molecular Weight. 

Such measurement With variable micro-climates of the 
cell can be conducted by changing any one of the How rate, 
Water vapor partial pressure and temperature of a carrier gas, 
of Which the former tWo is preferred. In particular, mea 
surement conducted changing both of the How rate and 
Water vapor partial pressure of a carrier gas is preferred, 
because it brings about highly-accurate evaluation results. 
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(2) The overall mass transfer coefficient is calculated in 
accordance With the beloW-described Equation 11 based on 
the measured values obtained by changing the Water vapor 
pressure of at least tWo carrier gases. 

Equations 2, 8, 9 and 11 are introduced from a model 
made as folloWs: 

The atrnosphere/skin system in Which Water transpiration 
is occurring is not a static systern. Water transpiration from 
the skin is evidently a steady state and it is an irreversible 
process. 

The atrnosphere/skin system is supposed as an ideal 
system wherein heat and mass are transported through a thin 
layer (barrier layer) sandWiched betWeen tWo pseudo 
in?nite phases having a predetermined temperature and 
composition (FIG. 2). The barrier layer is a layer highly 
resistant against the transfer of the mass and may eXist on the 
side of the skin in this system. The bulk has uniform 
properties in each of the skin and gas phase and the changing 
rate of their properties are sufficiently loW (so loW that it can 
be regarded as changeless) relative to a time scale discussed 
here. The ?ux of each of heat and mass is strictly one 
dirnensional and vertical to the barrier layer and a gradient 
betWeen tWo phases in temperature or chemical composition 
eXists only on the barrier layer. The gas phase behaves as an 
ideal gas. For introduction of an analysis equation, a revers 
ible path to the transportation of Water from the skin to the 
atmosphere as described beloW is supposed. 

H2O (skin, P1, T1)—>H2O (liquid, P1, T1)QH2O (gas, P1, 
T1)—>H2O (gas> P1> T2)aH2O (gas> P2> T1) 

(A) Introduction of an Analysis Equation of the Transpor 
tation Rate and Direction of Water Which has Passed 
Through the Atrnosphere/Skin Interface 

In accordance With the thermodynamic method based on 
an irreversible process, the beloW-described Equation 3 for 
analyZing the ?ux J i of Water Which has passed through the 
atrnosphere/skin interface is introduced. 

dP KPm[ T1 Equation 3 RTlkPk] Tm+ MIT, 

Wherein, q* represents a thermal change relating to isother 
rnal transfer of a solute or vapor from the skin to the 
atmospheric layer, K stands for a rate constant (l/sec), k 
stands for a constant, P' stands for saturated vapor pressure, 
Pm stands for a mean Water vapor partial pressure Within a 
barrier layer and Tm stands for a mean temperature Within a 
barrier layer. 
(B) Introduction of an Analysis Equation of Water Vapor 
Pressure Distribution Inside of the Measuring Cell 

The shape of the cylindrical body Which can be adopted 
here is not limited, but an analysis method Will hereinafter 
be described using a cylindrical body Which is formed to 
alloW a carrier gas to flow along the outside Wall, pass it over 
the surface of the skin and discharge it from the center of the 
cylinder. When it is assumed that the carrier gas flows along 
the outside Wall of the cylindrical body into the inside of the 
cell at a flow rate of V (m3/sec), passes over the surface of 
the skin and is then discharged (FIGS. 3 and 4), the diffusion 
equation in this measuring system can be expressed as the 
folloWing 

6P_Dl 6 BP + v 6P+ 02p Equation4 
E- 7505] zmd? W 

Wherein, D (rn2/sec) stands for a diffusion coefficient of 
Water into the atmospheric layer. 
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6 
Under a steady state, Equation 4 is equal to 0, leading to 

the folloWing Equation 5. 

32 P Equation 5 VBP D10 6P .5 1 
When Equation 5 is solved under the folloWing boundary 
conditions: 

{P(a, Z) = P0(Z # O) 

Wherein, PO stands for a Water vapor partial pressure in the 
gas before the gas enters into the cell, the solution of 
Equation 5 is equal to Equation 6 When Water vapor is 
generated continuously at r=a to b. 

[)(ba Z) : Equation 6 

P + dPl 
0 d5 

m27r2 

even 

an = ans; (n z 2) 

(C) Introduction of an Analysis Equation for the Measure 
rnent With Variable Micro-clirnates of the Cell 
The folloWing Equation 8: 

Equation 8 

l + 22 cos($)] "1:1 

even 

kl“ 00 mm ":0 
RT 1 l 2 — d 
HMO) + d Sn 5 

11:0 n 

a0 = l 

m27r2 
an = ani2 (" Z 2) 

2 
d n(n+ ZHDd 

that is, an equation for analyZing a relation betWeen mea 
suring conditions and a Water transpiration amount is intro 
duced by uniting the folloWing Equation 7: 

available from Equation 3 for analyZing the transpiration 
rate of Water Which has passed through an atrnosphere/skin 
interface and Equation 5 for analyZing the Water vapor 
partial pressure distribution inside of the measuring cell. 
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With regards to the second member on the right side of approximation represented by ln(P1/P2)EAP/Pm is 
Equation 8, the contribution of this member due to a conducted, leading to the following Equation 11: 
temperature difference is Within 4%, negligible small When 
a temperature difference (about 30K at the maximum) J = 1 ?ll/111207“2 _b2)d KPm LFT _ 2 + Equation 11 
betWeen the ordinary environment and inside of the living 5 7r(a2 —b2) M8,, RTm l Tm 
body is taken into consideration, Which makes it possible to MD. 
introduce the folloWing Equation 8-2: RTm1nP—2 

. MH 0 

Pm, Z) = P0 +fg27rSdKPm1n My Equation 8-2 g dKp 2 ><(/<P* _ Pl) 
b v Po, 0) 10 Mgm 

anb” 
":1 and an overall mass transfer coefficient (g/m2~sec or 
Even d5 g/m2~sec~Pa), Which means Water permeability, can be deter l + 22 cos(%) 

"1:1 
"21 ans” 15 mined from the folloWing Equation 2: 

. . , _ _ , MHZO Equation 2 

Here, With a system Which satis?es AP<<Pm (Which is kp:dKpM— 
gas 

assumed to correspond to the atmosphere/skin system), 
approximation represented by ln(P1/P2)EAP/Pm is 
conducted, Whereby the folloWing Equation 8-3 is intro- 20 The “overall mass transfer coefficient” introduced from 
duced: the measuring results of a Water transpiration amount is also 

called mass transfer coefficient, permeability coef?cient, 
27M Equation 3_3 permeation or permeability. The diffusion coefficient or 

Pm’ Z) = P0 + f v diffusion properties determined from the overall mass trans 
b 25 fer coefficient, for example, in accordance With the beloW 

Em, described relationship can also be used for the evaluation of 
00 2 Mb” Water permeability. 

mm ":0 

K[kP* Po, 0)] 1+ 2; cos( d egnansn d5 kpéKmmD/é 
":0 30 

wherein, kp‘ stands for an overall mass transfer coefficient, 
Km stands for a partition coefficient, D stands for a diffusion 
coefficient and 6 stands for the thickness of a membrane. 

Each of the terms “Water permeation”, “barrier function”, 
35 “barrier characteristics”, “barrier properties”, “barrier 

capacity” and “Water loss suppressing poWer” has the same 

For analysis of measurements With variable micro 
climates of the cell, Equation 8-2 or 8-3 may be used instead 
of Equation 8. 
(D) Introduction of Water Permeability 

. . 2 . _ _ _ 

A Water transplrangn amount ‘566) under ‘leslred meaning as the term “Water permeability” through the 
measuring conditions is calculated in accordance With the Stratum corneum epidermidis evaluated using an Overall 
fOHOWlng Equatlon 9- mass transfer coefficient introduced from the measuring 

40 results of a Water transpiration amount and they can be used 
Equation 9 similarly. 

Pb, d —P v . . .. 
J z ( Z) Z 01p MHZO Introduction of Water Supplying Capability 

”(“2—b2) Mam The term “Water supplying capability” as used herein 
means a Water vapor partial pressure in a structure Which lies 

45 beloW the stratum corneum epidermidis and is formed of 
living cells. The Water supplying capability corresponds to 
kP- in Equation 3 Which is available as a result of analysis 
of measurement With variable micro-climates of the cell 
using Equation 8, 8-2 or 8-3. According to Equation 11, 

50 When the activity of Water (Water vapor partial pressure) 

Wherein, p stands for a gas density (g/m3) and M stands for 
molecular Weight. 
When a Water vapor partial pressure inside of the mea 

suring cell increases by AP per unit time oWing to Water 
vapor transpiration from the skin surface, the folloWing 
Equanon 10: contained in a gas phase or a carrier gas is equal to that of 

1 d E , 10 a structure Which lies beloW the stratum corneum epidermi 

J = XPMJP quanon dis and is formed of living cells, a Water transpiration 
I amount (J) should become 0. It is therefore possible to apply 

J I 21 2 PMHZO 7M2 _ bzm? gm _ 2 + 55 Equation 11 to a change of a Water transpiration amount due 
"(a —b ) Mgas RT Tm to a Water vapor partial pressure of a gas phase or a carrier 

kP- gas, thereby determining, as the value of the intercept x, a 
RTm1nP—2 Water vapor partial pressure, that is, Water supplying 

capability, in a structure Which lies beloW the stratum 
6O corneum epidermidis and is formed of living cells. 

Can be introduced The “Water vapor partial pressure” introduced from the 
This Equation 10 is separated into restraining and driving measuring results of a Water transpiration amount is also 

force terms. The contribution caused by a difference called “Water vapor pressure”, “vapor pressure of Water” or 
betWeen a temperature under the ordinary circumstance and “fugacity” and “Water content”, “concentration of Water”, 
that inside of the living body is Within 4% and its in?uence 65 “activity” or “Water vapor amount” determined from the 
is negligible. With a system Which satis?es AP<<Pm (Which Water vapor partial pressure can also be used for the evalu 
is assumed to correspond to the atmosphere/skin system), ation of Water supplying capability. The concentration of 
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Water can be found, for example, by the following relation 
ship: 

Wherein, P stands for a Water vapor partial pressure, H 
represents a constant and C represents the concentration of 
Water. 
Each of the terms “poWer for promoting Water 

transpiration”, “Water content”, “activity”, “moisturiZed 
feeling” and “concentration of Water” has the same meaning 
as the term “Water supplying capability” introduced from the 
measuring results of a Water transpiration amount and they 
can be used similarly. 
As described above, “Water permeability” evaluated in the 

present invention represents the function of the stratum 
corneum, While “Water supplying capability” represents the 
function of a structure Which lies beloW the stratum corneum 
epidermidis and is formed of living cells. The skin health 
(including the stratum corneum and living cells therebeloW) 
can be evaluated totally by the evaluation of these tWo 
factors. 

For example, When no change is observed from the living 
cells beloW the stratum corneum and an abnormality exists 
only in the stratum corneum, only Water permeability shoWs 
an abnormal value. When not the stratum corneum but the 
living cells therebeloW are abnormal, on the other hand, only 
Water supplying capability becomes abnormal. It is of course 
possible to diagnose the case Where both are abnormal. 

EXAMPLES 

Example 1 

Evaluation results of the Water permeability and Water 
supplying capability of a normal volunteer (26-year-old 
female) and a volunteer (26-year-old female) With loW 
barrier-skin at their cheek portion Will next be described. 
(1) Evaluation Method 1 

In FIG. 5, illustrated are overall mass transfer coefficient 
kp‘ (that is, Water permeability) and Water vapor partial 
pressure kP' (that is, Water supplying capability) calculated 
from K,k determined by ?tting the values measured by 
changing the flow rate and Water vapor pressure of a carrier 
gas and the values calculated according to Equations 8 and 
9. The Water permeabilities of the normal volunteer and 
volunteer With loW-barrier-skin Were 0.0132 and 0.0332 
(gm_2hr_1Pa_1), respectively. Their Water supplying capa 
bilities Were 1544 and 1403 (Pa), respectively. 
(2) Evaluation Method 2 

In FIG. 6, illustrated are Water permeability and Water 
supplying capability calculated based on Equation 11 from 
the value measured by changing the Water vapor partial 
pressure of a carrier gas. The Water permeabilities of the 
normal volunteer and volunteer With loW-barrier-skin Were 
0.0186 and 0.0361 (gm_2hr_1Pa_1), respectively. Their Water 
supplying capabilities Were 1360 and 1682 (Pa), respec 
tively. 

Comparison betWeen FIG. 5 and FIG. 6 indicates that the 
accuracy of the former evaluation method is high, hoWever, 
the latter one Which is inferior in accuracy to the former one 
can also be employed as a method for evaluation of both of 
Water permeability and Water supplying capability. 

Example 2 

Evaluation results of the Water permeability and Water 
supplying capability of Volunteer A (36-year-old female 
With normal skin) and Volunteer B (32-year-old female With 
atopic skin) at their cheek portion Will next be described. 
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10 
Water permeability calculated, in accordance With Equa 

tion 11, from the values measured at varied Water vapor 
partial pressures of a carrier gas is illustrated in FIG. 7. The 
TEWL (extrapolated value When the humidity of a carrier 
gas is 0% RH) and Water permeability of Volunteer A and 
Volunteer B Were 41.4 and 40.9 (gm_2hr), and 0.0270 and 
0.0356 (gm_2hr_1Pa_1), respectively, suggesting that the 
Water permeability of Volunteer B Was greater than that of 
Volunteer A in spite that they Were almost similar in TEWL. 
According to the conventional evaluation based on the value 
of TEWL, they Were regarded to have an equal barrier 
function. When Water permeability is employed as an index, 
on the other hand, the barrier function can be evaluated more 
precisely, re?ecting the actual skin state. 

Example 3 

Evaluation results of Water permeability and Water sup 
plying capability of a normal volunteer (31-year-old female) 
at her cheek portion With the passage of time, more 
speci?cally, after 0, 2 and 4 Weeks, Will next be described. 

Changes in each of Water permeability and Water supply 
ing capability after 0, 2 and 4 Weeks Which Were calculated, 
in accordance With Equation 11, from the values measured 
at varied Water vapor partial pressures of a carrier gas are 
shoWn in FIG. 8. The TEWLs after 0, 2 and 4 Weeks Were 
48.1, 49.1 and 55.7 (gm_2hr_1), respectively. FIG. 8 indi 
cates that the Water permeability shoWed almost no change 
from 0 to 4 Weeks, While the Water supplying capability 
shoWed a drastic increase at the fourth Week. As a result of 
diagnosis by a doctor, the skin condition Was substantially 
the same for those four Weeks, While as a result of 
questionnaire, the physical condition of the volunteer Was 
bad oWing to the Worsening of pollinosis from the second 
Week to the fourth Week. Although it Was conventionally 
impossible to measure a change in the physical condition, at 
least a change in the physical condition by pollinosis Was 
grasped by using the Water supplying capability as an 
evaluation index. 
What is claimed is: 
1. An apparatus for evaluating Water permeability of the 

stratum corneum epidermidis, said apparatus comprising: 
feeding means for feeding a carrier gas to a skin surface 

to be measured; 
measuring means for measuring humidity of the carrier 

gas discharged from the feeding means over the skin 
surface; and 

calculating means for calculating a Water transpiration 
amount and an overall mass transfer coefficient of 
Water in the stratum corneum epidermidis based on 
properties of the carrier gas and the measured humidity. 

2. The apparatus of claim 1, Wherein: 
the carrier gas comprises one of a dry nitrogen gas and a 

dry air; and 
the properties of the carrier gas comprises predetermined 

temperature and predetermined Water vapor partial 
pressure. 

3. An apparatus for evaluating Water supplying capability 
of cells beloW stratum corneum epidermidis said apparatus 
comprising: 

feeding means for feeding a carrier gas to a skin surface 
to be measured; 

measuring means for measuring humidity of the carrier 
gas discharged from the feeding means over the skin 
surface; and 

calculating means for calculating a Water transpiration 
amount and a Water vapor partial pressure of the cells 
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below the stratum corneum epidermidis based on prop 
erties of the carrier gas and the measured humidity. 

4. The apparatus of claim 3, Wherein: 
the carrier gas comprises one of a dry nitrogen gas and a 

dry air; and 
the properties of the carrier gas comprises predetermined 

temperature and predetermined Water vapor partial 
pressure. 

5. A method for evaluating skin health, comprising the 
steps of: 

feeding a carrier gas to a skin surface to be measured; 

measuring humidity of the carrier gas discharged over the 
skin surface; and 

calculating a Water transpiration amount, an overall mass 
transfer coef?cient of Water in the stratum corneum 
epidermidis, and Water vapor partial pressure of the 
cells beloW the stratum corneum epidermidis based on 
properties of the carrier gas and the measured humidity. 

6. The apparatus of claim 5, Wherein: 
the carrier gas comprises one of a dry nitrogen gas and a 

dry air; and 
the properties of the carrier gas comprises predetermined 

temperature and predetermined Water vapor partial 
pressure. 

7. A method for evaluating Water permeability of stratum 
corneum epidermidis, comprising the steps of: 

feeding a carrier gas to a skin surface to be measured; 

measuring humidity of the carrier gas discharged over the 
skin surface; and 

calculating a Water transpiration amount and an overall 
mass transfer coef?cient of Water in the stratum cor 
neum epidermidis based on properties of the carrier gas 
and the measured humidity. 

8. The method of claim 7, Wherein: 

the carrier gas comprises one of a dry nitrogen gas and a 
dry air; and 

the properties of the carrier gas comprises predetermined 
temperature and predetermined Water vapor partial 
pressure. 

9. A method for evaluating Water supplying capability of 
cells beloW stratum corneum epidermidis, said method com 
prising the steps of: 

feeding a carrier gas to a skin surface to be measured; 

measuring humidity of the carrier gas discharged over the 
skin surface; and 

calculating a Water transpiration amount and a Water 
vapor partial pressure of the cells beloW the stratum 
corneum epidermidis based on properties of the carrier 
gas and the measured humidity. 

10. The method of claim 9, Wherein: 
the carrier gas comprises one of a dry nitrogen gas and a 

dry air; and 
the properties of the carrier gas comprises predetermined 

temperature and predetermined Water vapor partial 
pressure. 

11. An apparatus for evaluating Water permeability of the 
stratum corneum epidermidis, said apparatus comprising. 

a gas inlet con?gured to feed a carrier gas to a skin surface 

to be measured; 
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a humidity sensor positioned to measure humidity of the 

carrier gas discharged from the gas inlet over the skin 
surface; and 

an analyZer con?gured to calculate a Water transpiration 
amount and an overall mass transfer coefficient of 
Water in the stratum corneum epidermidis based on 
properties of the carrier gas and the measured humidity. 

12. The apparatus of claim 11, further comprising a body 
con?gured to enclose the skin surface to be measured. 

13. The apparatus of claim 11, Wherein: 
the carrier gas comprises one of a dry nitrogen gas and a 

dry air; and 
the properties of the carrier gas comprises predetermined 

temperature and predetermined Water vapor partial 
pressure. 

14. The apparatus of claim 11, further comprising: 
a gas composition regulator con?gured to regulate a gas 

composition of the carrier gas to the gas inlet; 
a gas ?oW rate regulator con?gured to regulate a How rate 

of the carrier gas to the gas inlet; and 
a measuring device con?gured to measure the properties 

of the carrier gas before discharging from the gas inlet. 
15. The apparatus of claim 11, Wherein the humidity 

sensor comprises a quartZ-oscillator humidity sensor. 
16. The apparatus of claim 11, Wherein the analyZer 

comprises a personal computer connected to a frequency 
counter and an oscillation circuit. 

17. An apparatus for evaluating Water supplying capabil 
ity of cells beloW stratum corneum epidermidis said appa 
ratus comprising: 

a gas inlet con?gured to feed a carrier gas to a skin surface 

to be measured; 
a humidity sensor positioned to measure humidity of the 

carrier gas discharged from the gas inlet over the skin 
surface; and 

an analyZer con?gured to calculate a Water transpiration 
amount and a Water vapor partial pressure of the cells 
beloW the stratum corneum epidermidis based on prop 
erties of the carrier gas and the measured humidity. 

18. The apparatus of claim 17, further comprising a body 
con?gured to enclose the skin surface to be measured. 

19. The apparatus of claim 17, Wherein: 
the carrier gas comprises one of a dry nitrogen gas and a 

dry air; and 
the properties of the carrier gas comprises predetermined 

temperature and predetermined Water vapor partial 
pressure. 

20. The apparatus of claim 17, further comprising: 
a gas composition regulator con?gured to regulate a gas 

composition of the carrier gas to the gas inlet; 
a gas ?oW rate regulator con?gured to regulate a How rate 

of the carrier gas to the gas inlet; and 
a measuring device con?gured to measure the properties 

of the carrier gas before discharging from the gas inlet. 
21. The apparatus of claim 17, Wherein the humidity 

sensor comprises a quartZ-oscillator humidity sensor. 
22. The apparatus of claim 17, Wherein the analyZer 

comprises a personal computer connected to a frequency 
counter and an oscillation circuit. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,533,725 B1 Page 1 0f 1 
DATED : March 18, 2003 
INVENTOR(S) : Koji Endo et at. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 11 
Line 20, delete “apparatus” and insert -- method 

Signed and Sealed this 

Twenty-sixth Day of August, 2003 

JAMES E. ROGAN 
Director ofthe United States Patent and Trademark O?‘ice 


